Introduction

42
Depression is about to edge out HIV/AIDS as the world's most significant health problem 43 according to the World Health Organization. For Americans born a century ago, the chances of 44 suffering any episode of major depression in the lifetime was only about 1 percent. Today, the 45 lifetime incidence has increased almost 2000 times and is 19.2 percent (1). In turn, obesity has 46 become a worldwide epidemic particularly in US, and a major cause for an increased risk of 47 depressive disorders (2-4). Increased availability and excessive intake of energy-rich foods 48 generally found in junk or fast foods is a significant factor contributing to obesity, and has made 49 invasion in most cultures around the world. In spite of its poor health consequences, there is 50 presently little information on how the diet switch to a high-fat diet that contributes to 51 development of obesity heightens the risk for depression and mood disorders.
52
In turn, western diets that are high in saturated fat induce metabolic dysfunction and promote 53 cognitive alterations (5-7). It is well known that diets rich in saturated fat increase oxidative 54 stress in brain (8, 9), reduce neurogenesis (10, 11), enhance neuroinflammation (12) and exert reported a moderate effect size for omega-3 PUFA in depression comparable to that of 61 conventional antidepressants, and reduced levels of omega-3 PUFA in the blood of patients with depression(17, 18). Epidemiological observations report an inverse correlation between omega-3
63
PUFA intake and the development of depression (19, 20) . In addition, a diet that is rich in 64 omega-3 fatty acids is garnering appreciation for supporting cognitive processes in humans(21) 65 and for up-regulating genes that are important for maintaining synaptic function and plasticity in 66 rodents (22) . The strong dichotomy between a HF diet and a PUFA diet implies that a switch 67 from a PUFA diet to a HFD can have dramatic consequences for brain function; however, as far 68 as we know, this question has not been addressed experimentally. Accordingly we have 69 designed studies to determine the effects of this dietary switch on brain function and plasticity, 70 which results are highly relevant for public health based on the increasingly common dietary 71 changes related to industrialization and cultural migrations in our modern society.
72
We have focused these studies on brain-derived neurotrophic factors (BDNF) because of its activation. On the other hand omega-3 supplementation in adult rats has been shown to increase 78 hippocampal BDNF, and CREB levels which were associated with improved cognition (22).
79
Accordingly, we designed this study to assess the effects of this dietary transition on plasticity 80 related molecules in hippocampus & frontal cortex, which in turn may be responsible for 81 underlying behavior alterations.
82
Methods and Materials
84
Experimental design
85
Female Sprague-Dawley rats were obtained on the 2nd day of pregnancy from Charles River
86
(Portage, MI) weighing between 280 and 300 g were housed in cages and maintained in 87 environmentally controlled rooms (22-24 °C) with a 12-h light/dark cycle. Pregnant females
88
were fed an n-3 enriched fatty acid diet (DHA diet). Rats were maintained on this diet through 89 gestation and lactation, and their pups were weaned to the same diet as their dams. Male pups 90 were subjected to same diet as their dams for 15 weeks. The custom diet used was based on the 91 composition of the American Institute of Nutrition diet and prepared commercially (Dyets, 92 Bethlehem, PA) as previously described (31). However, several substitutions were made to 93 produce an n-3 fatty acid enriched diet and this was achieved by adding a small amount of 94 flaxseed oil and docosahexaenoic acid (Nordic Naturals, Inc. Watsonville, CA, USA) to the n-3 95 diet. These fats supply LNA and DHA, respectively, as their principal component. The total fat 96 content in diet was 10 g/100 g of diet, and the amount of n-3 fatty acids in the n-3 diet was 3.8% 97 of total fatty acids.
98
Diet transition
99
A total of 15 male rats were randomly selected for this study with a constraint that at least 2 rats 100 from each litter were selected. On postnatal day (PND) 90 the male rats were randomly divided 101 into two subgroups i.e. DHA (n=6) continued on same n-3 enriched diet and high-fat diet (HFD; 102 n=9) provided with a custom diet high in saturated fatty acids that closely resembles to western diet (D12079B, Research Diets, NJ USA). This HFD has 21% total fat but saturated fatty acid 104 make 62.4% of this total fat. After 3 weeks of diet transition, the rats were subjected to a series 105 of behavioral tests. A day after the last behavioral test the animals were killed by decapitation 106 and the blood sample and fresh tissues including frontal cortex and hippocampus were dissected, 107 frozen in dry ice and stored at −70 °C until use for biochemical analyses for both groups which 108 are abbreviated throughout in this study as: DHA enriched diet (DHA) and high-fat diet (HFD). 
Elevated plus maze
The day after OF, rats were subjected to elevated plus maze (EPM) test. EPM assay was carried 123 out according to the Walf and Frye protocol (32) . Briefly, the EPM apparatus made of laminated total arm entries was calculate to account for differences in general motor activity in the maze.
134
Fatty acid analysis
135
Fatty acid profiles were determined by using gas chromatography. The system consisted of 
Results
175
Diet transition to HFD leads to poor physiological consequences
176
In the present study animals subjected to diet transition on a HFD for 3 weeks gain significantly 177 more body weight as compared to their counterparts continued a healthy DHA supplemented diet 178 (p< 0.001; Figure 1A ). The animals fed HFD for 3 weeks also showed significantly higher blood 179 glucose, cholesterol, triglycerides (p<0.05) and higher uric acid (p<0.01). The results are shown 180 in Table 1 . 
Effects of diet transition to HFD on the levels of fatty acids in brain 192
To assess the effect of diet transition to HFD, we measured the levels of various fatty acids in 193 brain by using gas chromatography. Detailed composition of fatty acids in the hippocampus is 194 shown in Table 2 . Most importantly, we found significant decrease (13.48±0.11, n=9, p<0.001, we checked the modulating effects of DHA or HFD diet on the levels of NPY1 receptor. We 209 found a significant decrease in frontal cortex (22%, p<0.05; Fig. 3A ) and hippocampus (35.5%, 210 p<0.05; Fig. 3A) , when rats were fed with HFD as compared to DHA diet rats. 243 We observed that the BDNF levels in frontal cortex (r=0.6089; p<0.05) and hippocampus (r= and hippocampus (r=0.6110; p<0.05).
255
Discussion
256
The purpose of the present study is to understand how changes in dietary habits e.g. transition 
266
HFD increases risk for anxiety and depression-like behaviors
The rationale for the present study stemmed from our recent findings that animals fed on a diet 268 deficient in omega-3-fatty acids during gestation, prenatal and postnatal growth periods were 269 more prone to anxiety-like behavior as compared to animals fed on DHA supplemented diet (36).
270
Given the positive effects of the DHA diet, it was reasonable to assume that switching to an 
334
Adoption of a HFD is an increasingly common event observed in the modern society which is 335 tighly related to today's obesogenic environment where high calorie food is readily available.
336
According to our results, the switch from a healthy n-3 PUFA diet to the HFD may be 337 responsible for increased vulnerability to mood disorders, in addition to metabolic dysfunction.
338
The transition to junk HFD reduced markers of synaptic plasticity in the frontal cortex and 339 hippocampus. We found that the brain DHA contents were associated with levels of the BDNF in 340 these brain regions. These data emphasize the importance of maintaining a healthy diet in order 341 to support substrates that determine the balance between brain health and disease. 
